Abstract. We present a study of known OH/IR stars in the inner bulge, observed by the ISOGAL survey at λ = 6.8 µm and λ = 14.9 µm. Bolometric corrections and luminosities are computed, based on near and mid-infrared data. The vast majority of the sources exhibit mass-loss rates in the range: 3 × 10 −7 up to a few times 10 −5 M /year. The bolometric magnitude distribution peaks at M bol = −5.0. There is no clear evidence that the luminosity is related to the expansion velocity of the envelope for the sample in the bulge observed by ISOGAL. We find that the bulge OH/IR stars do not follow a period-luminosity (PL) law and that they are systematically less luminous than the OH/IR extension of the PL relationship for Miras.
Introduction
The galactic bulge, especially the region near the Galactic Centre, has been scanned in search of OH 1612 MHz maser sources at high spatial resolution by various authors (Lindqvist et al. 1992a; Sevenster et al. 1997; , using the VLA and the ATCA. On the other hand, the advent of high-quality infrared data obtained by ISOGAL (Omont et al. 2002; Omont et al. 1999a,b,c; Pérault et al. 1996) has permitted the identification of a great number of sources not previously observed in the mid-infrared range. The ISOGAL wavelengths at about 7 and 15 µm are especially suited for this purpose because: (i) they are little affected by interstellar extinction; (ii) the maximum of the spectral energy distribution of AGB stars with large mass-loss rates is situated in this wavelength range; (iii) the fields are not severely contaminated by foreground stars.
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The ISOGAL data permit one to address key questions about the inner bulge OH/IR population, especially whether OH/IR stars in the bulge are the same as those in other parts of the Galaxy concerning their masses, luminosities and mass-loss rates.
In this work we present an infrared study of a sample of OH/IR stars compiled from the catalogues of Lindqvist et al. (1992a) , Sevenster et al. (1997) , , located in selected fields observed by the ISOGAL survey in the close vicinity of the Galactic Centre. In Sect. 2 we give a brief description of the main characteristics of the ISOGAL survey and the observations; in Sect. 3 we discuss the characteristics of the circumstellar envelopes; in Sect. 4 bolometric corrections and luminosities are presented; in Sect. 5 we discuss the existence of two distinct populations of OH/IR stars; Sect. 6 shows the use of the K − [14.9] colour index as an indicator of mass-loss; in Sect. 7 the period-luminosity relationship for bulge OH/IR stars is discussed; Sect. 8 is devoted to peculiar objects.
ISOGAL observations
General characteristics of the ISOGAL survey have been described extensively by others (Omont et al. 2002; Schuller et al. 2002; Omont et al. 1999a,b,c; Pérault et al. 1996) and are just briefly discussed in this section.
ISOGAL observations selected for this study are those close to the Galactic Centre, obtained by using the narrowband filters LW5 (λ ref = 6.8 µm, F W HM = 0.5 µm) and LW9 (λ ref = 14.9 µm, F W HM = 2 µm). Reduction of the data was carried out similarly as described by Schuller et al. (2002) , Glass et al. (1999) and Omont et al. (1999c) . After reduction, the frames were in units of ADU/gain/sec, which in turn were converted into flux density using the following relationships:
F (mJy) = (ADU/gain/sec)/0.35
( 1) for LW5 and F (mJy) = (ADU/gain/sec)/0.65
for LW9 (Blommaert 1998) , which are conversion factors assuming a ν × f (ν) = constant spectral shape. Colourcorrections for the narrow LW5 and LW9 filters amount to less than 1 percent for spectral index in the range -3.0 to +3.0 and have not been applied in the present study. The zero-magnitude fluxes for LW5 and LW9 are 81.8 and 17.7 Jansky respectively. Table 1 summarizes the log-book of the observations. Cross-identification of OH sources observed by VLA provides an opportunity to check out the astrometry accuracies of infrared and radio observations. ISOGAL astrometry has been calibrated by cross-correlation with the DENIS survey Epchtein et al. 1997 ), which in turn has its astrometry calculated from the USNO-A2 catalogue (Monet et al. 1998) . The accuracy of the astrometry varies from field to field, and depends on several factors, mainly on the source density in the field, but in all cases is better than 2 arcsec. On the other hand, despite the fact that interferometric radio observations can provide relative positional accuracies to a fraction of an arc second, the absolute positions are not expected to be accurate at the one arc second level . A closer inspection of Table 2 of Sjouwerman et al. reveals systematic deviations between the three configurations arrays used, a, b (VLA), and c (ATCA). We have determined the offsets of these configurations relative to the astrometry of Lindqvist et al. (1992a) , by comparing positions of the sources observed by both authors. Figure 1 shows the offsets found for each configuration. Sjouwerman's astrometry used in this paper has been corrected applying the following corrections: α corr = α Sj − of f (α) and δ corr = δ Sj − of f (δ), where of f (α) equals to 0.5, 0.5 and 1.6 arcsec for a, b and c configurations and of f (δ) are 4.2, 1.7 and −0.3 arcsec, respectively. It is also important to mention that positional discrepancies up to several arcseconds are reported in a few cases, even after after applying these corrections, as can be seen in Fig. 1 .
The identification of ISOGAL counterparts of OH sources has been based essentially on the position criterion. A search for ISOGAL counterparts has been made in the [LW9] band, inside a 10 radius around the radio position of double-peaked OH sources. Misidentifications are unlikely to occur, because OH/IR stars are very bright in the mid-infrared and can be easily distinguished from normal field stars. Generally, for each ISOGAL field many OH/IR stars have been identified, based on their VLA-radio position (e.g. 39 OH/IR stars identified in the TDT-82700140 observation, see Table 1 Lindqvist et al. (1990) , at a velocity of 29 km s −1 which is consistent with the OH maser velocity. Thus Sj019 is expected to be a star.
Li52 (OH 359.880-0.087) was monitored by van Langevelde et al. (1993) who find the period of 759 days. Blommaert et al. (1998) find a very faint near-infrared counterpart for this OH source, showing K = 18.67 and L short = 14.48, which is by far the faintest object in the L short band (λ = 3.45 µm) in their sample. The inspection of the images at 6.8 and 14.9 µm reveals the presence of a dark cloud in the same direction.
Sj069 (OH 0.005+0.360) was detected at 1612 MHz with the VLA by . Its spectrum shows a single peak at the velocity of -71.2 km s −1 . Possibly the OH emission is of interstellar origin.
Sj102 (OH 0.317-0.066) (Sjouwerman et al., op. cit.) is moderately bright at 1612 MHz and it is double-peaked as well, showing V exp = 13.1 km s −1 . It was detected by ISOGAL at λ = 6.8 µm, but not at 14.9 µm. The inspection of the images at 6.8 and 14.9 µm reveals the presence of extended emission at the position of Sj102. The faint source extracted at 6.8 µm might well be a background fluctuation and not a real point source. Table 2 lists the ISOGAL detections and the photometry. The ordering refers to the original paper where the OH source was taken from. When there are several ISOGAL observations with the same filter (LW5 or LW9), the average of the ISOGAL magnitudes in that filter is given. Figure 2 shows a map of ISOGAL counterparts of the OH sources. Sources observed by Blommaert et al. (1998) as well as the ones monitored by Wood et al. (1998) are shown. The region very near the Galactic Centre was not observed in the ISOGAL survey to avoid saturation of the ISOCAM detector (Césarsky et al. 1996) . Groenewegen (1993) . The models assume L = 5000 L (M bol = −4.5), distance of 7.9 kpc and the dust-to-gas ratio of 1/200. The dust Blommaert et al. (1998) opacity assumed is that of David & Papoular (1990 , 1992 , but with the 9.8 µm feature artificially removed and with τ V = 18.6×τ 10.2 . The removal of the silicate feature is not important in this study, since it is out of range of the [LW5] and [LW9] filters. Sequences of increasing mass-loss rates are displayed for M5III and M8III spectral types in the mass-loss range 10 −8 ∼ 10 −5 M /year (see Sect. 6). OH/IR stars are concentrated near the steepest part of the curves, corresponding to mass-loss rate between 10 −7 ∼ 10 −5 M /year. The model predicts luminosities which match well with the observations, but the observed colours are spread over a much wider range. This discrepancy might be (partially) explained by variability: sources which had photometry obtained simultaneously in the two bands follow the curves more closely than those observed in different epochs. Infrared variability at these wavelenghts has been previously reported by Harvey et al. (1974) who monitored OH/IR stars in several infrared bands. They studied the amplitudes of variability in several photometric bands, including a broad band ranging from 8 to 13 µm, which is close to [LW5] and [LW9] ISOGAL bands. Their average value of the amplitude of the light curve at λ ∼ 10 µm is 0.9, and the range is from 0.3 up to 1.7 mag, which is approximately the same dispersion in colour seen in Fig. 3 .
Circumstellar envelopes detected by ISOGAL
A significant number of infrared sources without detected OH emission, is found in the same part of the colour-magnitude diagram as the OH/IR stars (see also Schuller et al. 2002) . Infrared sources showing colours typical of O-rich, high mass-losing stars, but without 1612 MHz emission have been reported in the literature as "colour mimics" by Lewis & Engels (1993) . They might amount up to 40 per cent, but this number varies according to the place in the Galaxy, being lower towards the bulge (Le Squeren et al. 1992; Blommaert et al. 1993 ). The detection rate depends also on the observing conditions: surveyed with more sensitivity the area formerly covered by Lindqvist et al. and found many new OH masers previously undetected, formerly considered as mimics. Variability of the OH emission might also play a role: it is well known that the OH emission follows the same variability pattern as the infrared light curve (Harvey et al. 1974) , and consequently OH/IR stars in the faint phase of the cycle might be more difficult to detect.
We also looked for IRAS counterparts of OH/IR stars in the inner bulge, but those data are mostly of poor quality, due mainly to "confusion". Only one IRAS source which could be associated with a source of this study (IRAS17419-2907, which coincides with Li34) has moderate-to-good quality fluxes in the [12] , [25] and [60] bands; it is very probably a young stellar object. A few good-quality IRAS data are considered in the discussion of individual objects in Sect. 8. Blommaert et al. (1998, hereafter BVLHS) obtained nearand mid-infrared photometry of 34 sources, some of them previously monitored by van Langevelde et al. (1993) in the OH frequency. Wood et al. (1998, hereafter WHMc) monitored 86 OH/IR stars in the K band and obtained JHL photometry as well. This was mostly aimed at stars not included in the list of targets by van Langevelde et al. In this study, we combine the near-infrared photometry obtained by WHMc and BVLHS with that of ISOGAL. Only two sources were observed both by WHMc, BVLHS and ISOGAL. For sources observed both by WHMc and BVLHS we adopt WHMc photometry, since it refers to an average K magnitude.
Bolometric corrections and luminosities
To obtain bolometric magnitudes M bol we integrated the flux densities over wavelength, between 1.25 µm < λ < 14.9 µm, using the trapezium method and added two extra terms: (i) F <1.25 , the flux radiated at λ < 1.25 µm; (ii) F >14.9 , corresponding to the flux radiated beyond λ = 14.9 µm. F <1.25 is significant only for two sources: Li4 and Li18, which have near-infrared colour temperatures of 3630 and 3330 K respectively F <1.25 is calculated by fitting a blackbody to the near-infrared flux densities. However, these temperatures are uncertain because of observations at different epochs. The inclusion of F >14.9 is performed as follows: the spectral index α, defined as f (ν) ∝ ν +α , between 6.8 and 14.9 µm is given by: Figure 4 shows the comparison between both determinations of A V . There is no systematic deviation between the two methods, however there is a large scatter with a rms of ∼7 mag in A V . Nearly all sources lie inside the 25% discrepancy region, indicated by the dashed lines in Fig. 4 . A simulation showed that, for 25% of uncertainty in A V , the uncertainty in the determination of M bol is about 0.5 magnitude for (K − L) o < ∼ 1.5 and 0.2 magnitude for (K − L) o > ∼ 1.5. The only exceptions in the sample are Li4 and Li18, which have optically thin envelopes. For these stars 25% of uncertainty in A V causes one magnitude of uncertainty in M bol . We choose to take the average value of both determinations of A V .
A λ was obtained from (Glass 1999) . The value of the average interstellar extinction in the LW5 and LW9 bands is still uncertain (see e.g. Lutz et al. 1996; Lutz 1999; Bertoldi et al. 1999) . We use the values of Mathis (1990) : A LW5 /A V = 0.020 and A LW9 /A V = 0.016. In a simulation, we found that if one doubles these extinction coefficients, the bolometric magnitude becomes only 0.3 mag brighter.
Besides extinction, another major source of uncertainty in the luminosity calculus is variability. To derive the uncertainty of the average luminosity, it is necessary to obtain the amplitude of variability over a wide range of wavelengths, as well as to extrapolate the values of amplitude to the far-infrared. We studied the sample of OH/IR stars monitored by WHMc and Harvey et al. (1974) in order to estimate the uncertainty of M bol caused by variability. The half-amplitude of variability is 0.9 mag at λ = 2.2 µm (WHMc), and 0.5 mag at λ = 10 µm (Harvey et al. 1974) . Since OH/IR stars radiate mostly beyond λ 2 µm and the amplitude of variability seems to decrease with wavelength, we estimate the uncertainty of bolometric magnitude to be less than one magnitude.
In this work we adopt the distance modulus of (m − M ) = 14.5, corresponding to the distance of 7.9 kpc (Rohlfs & Kreitschmann 1987) . The choice of the distance modulus of the Galactic Centre is a minor source of uncertainty, compared with variability of the sources and the uncertainty in the extinction. The depth of the spatial distribution of OH/IR stars in the inner bulge plays a minor role in the uncertainty of the distances as well: the spatial distribution of the OH/IR stars found by Sjouwerman et al. and Lindqvist et al. shows that most sources found in these surveys are distributed in the sky like a cluster of OH sources inside the ∼20 (∼50 parsecs) radius area, centered approximately at the Galactic Centre (see Fig. 2) . Table 3 lists the visual extinction
and [LW9] bands (all of them corrected for extinction), the T 6.8−14.9 blackbody colour temperature, and ∆V , the difference of velocity of the two OH velocity peaks. We stress that T 6.8−14.9 is not the temperature of the circumstellar dust shell, but the fit of a blackbody function to the ISOGAL flux densities, which are the outcome of radiative processes in the circumstellar envelope, such as dust absorption and emissivity. Although the thermal contribution of dust dominates at those wavelengths, a significant contribution from the atmosphere of the star might play a role, especially for optically thinner envelopes at 6.8 µm. Table 4 contains stars observed by BVLHS. Their K, L (differently from WHMc, L centered at λ = 3.8 µm) and M (at 4.7 µm) magnitudes as well as ISOGAL measurements are used to compute bolometric magnitudes.
The bolometric correction is defined here, as usual, as M bol (λ) = M λ + BC λ for a photometric band centered at λ. Figure 5 shows bolometric corrections for various bands as a function of (K − L) o , for WHMc sources. Among the photometric bands used in this study, BC K is the only one that fits close the (K−L) o colour (Fig. 5a ), similarly to the Table 3 . Bolometric magnitudes and corrections for Lindqvist OH sources observed by Wood et al. (1998) . The numbering is taken from the original reference (Lindqvist et al. 1992a ); T6.8−14.9 is the blackbody colour temperature calculated by fitting a blackbody to ISOGAL flux densities; ∆V is the difference of the two OH velocity peaks; and M bol (WHMc) is the bolometric magnitude calculated by Wood et al. (1998) 
In Fig. 6 we show a comparison between bolometric magnitudes determined in this work and those derived by WHMc and BVLHS. Our results agree within 0.6 mag accuracy with those of BVLHS, and no systematic deviation is found over the whole range of M bol . On the other hand, WHMc magnitudes are systematically brighter, for some sources by as much as 1.5 mag. The methods used in the three works are not the same: WHMc calculated M bol applying a bolometric correction BC L to L o , the extinction corrected L, while BVLHS preferred to integrate over the energy distribution, similarly to the present work, but Blommaert et al. (1998) and detected by ISOGAL. The columns are defined like in Table 3 , except that here the L band is used which is centered at λ = 3.8 µm. using ground-based mid-infrared photometry. The better agreement between BVLHS's results and ours is probably due to the similar method of obtaining M bol . An inspection of Fig. 9 of WHMc reveals that their BC L relationship is loosely dependent on (K − L), especially if compared to the relationship found in this work. We suggest that M bol is better calculated either by using the bolometric correction for the K band or by integrating the energy distribution, as in BVLHS and in this study. 
The expansion velocity of the envelope of OH/IR stars: Two distinct populations?
OH/IR stars have been classified in the literature according to their expansion velocity of the OH envelope (Baud et al. 1981; Ortiz & Maciel 1994) . Stars that exhibit larger expansion velocity are believed to be younger and more massive, since V exp depends on the luminosity and on the gas-to-dust ratio, which in turn depends on the metallicity (van der Veen 1989; Schutte & Thielens 1989) . Luminosity also plays a role but it is difficult to observe the effect caused by each variable separately because populations of OH/IR have been reported to show wide distributions of luminosity, age, kinematics, etc. Lindqvist et al. (1992b) studied the kinematics of OH/IR stars near the galactic centre and show that the group with higher expansion velocity of the envelope V exp follows the rotation curve of the Galaxy closer than the low V exp group. BVLHS has presented some evidence that the two groups of OH/IR stars, classified according to their V exp , have also different luminosities: almost the whole group with V exp < 18 km s −1 is fainter than M bol = −5.0, whereas the group with V exp > 18 km s −1 has a broader range of bolometric magnitudes of which half are below -5.0. Sjouwerman et al. (1999) studied the kinematics of OH/IR stars around the Galactic Centre and conclude that the division at V exp = 16.5 km s −1 is more appropriate.
Here we adopt Sjouwerman's criterion for the objects observed by WHMc and BVLHS and detected in the ISOGAL fields (Tables 3 and 4) . Stars are grouped into these two V exp categories as shown in Fig. 7 , which can be approximately compared with Fig. 8 of BVLHS. There is no clear distinction between the two groups. It is also possible that the region at the centre of the Galaxy, skipped by ISOGAL, may contain more massive and luminous objects, which would be missing in our statistics, however the more luminous stars listed by BVLHS do not show a sharp concentration at the Galactic Centre. The peak of the distribution of luminosity is, like in BVLHS, at M bol −5.0. The histogram of lower velocity objects reflects the poor statistics for this group, that does not allow us to draw a definitive conclusion on the existence of two distinct groups of OH/IR stars.
The K-[LW9] colour
[LW9] is a narrow filter which is not much affected by the 18 µm silicate feature. The (K−[LW9]) o colour is an excellent measure of infrared excess emitted by the envelope, as outlined by Omont et al. (1999c) . However, the calculation of mass loss rate is dust model dependent. Table 3 , as well as the predictions of a model for circumstellar dust shells by Groenewegen, already described in Sect. 3. All OH/IR stars are inside the upper part of the region defined by Omont et al. (1999c) where AGB stars showing high mass-loss rates are found. The brightest star found by Omont et al., an OH/IR star identified as IRAS 17382-2830, is also present in this study (Se126), and is at the upper limit of luminosity: M [LW9] = −13.4. Glass et al. (1999) identify AGB stars in the NGC 6522 and Sgr I fields, using the same kind of diagram. In that study, miras extend over a range in colour and magnitude that partially overlaps the box in Fig. 8 , but while in Glass et al. the largest value of (K−[LW9]) o 3, the AGB sequence here extends to much redder colours and higher luminosities due to differences between the two samples: the present study addresses OH/IR stars, The dotted box marks the region where high mass-loss AGB stars are expected to be found (Omont et al. 1999c) and the lines are model grids by Groenewegen (1993) M5III and M8III spectral types and massloss rates in the range 1 × 10 −8 -1 × 10 −5 M /year, with ticks at steps of half a dex. whereas the reddest stars of Glass et al. are Miras, which show lower mass-loss rates. They report that no OH/IR stars fall within their fields. Comparing with the grid of models by Groenewegen, one finds that the reddest stars in the study of Glass et al. have mass-loss rates a few times 10 −7 M /year, which marks the onset of the superwind, while the ones of the present study can exhibitṀ as high as a few 10 −5 M /year. As we suggested in Sect. 3, the spread in colour might be partially due to variability in the [LW9] band, since average K magnitudes are considered. The model matches the observations for a great number of sources, however for (K−[LW9]) o > 5 most stars are fainter than the predictions of the model for the [LW9] band, and this discrepancy results in lower luminosities because most of the flux emitted by high mass-loss stars is radiated in the midinfrared. This interpretation is supported by the deviation of M bol from the luminosity-period relationship (Jones et al. 1994; BVLHS and WHMc) which is discussed in the next section. Glass et al. (1995) studied a sample of LPV stars in the bulge (Baade's windows, showing periods up to 700 days. Those stars follow the PL luminosity with the scattering of 0.36 mag which is significantly higher than in the LMC (0.16 mag), mainly because of the finite depth of the bulge. WHMc and BVLHS find that their sample of long period variables very close to the Galactic Centre do not follow any previous PL relationship, the stars showing lower luminosities or, alternatively higher periods than the relationships previously derived. Because bolometric magnitudes have been recalculated with use of mid-infrared photometry which yielded even lower luminosities, we repeated the analysis of WHMc and BVLHS's samples. We take the periods derived by WHMc, van Langevelde et al. (1993) and Jones et al. (1994) and combine them with the bolometric magnitudes described in Sect. 4 in order to study the PL relationship. Figure 9 shows log(P ) and M bol taken from Tables 3  and 4 . Most stars are below the PL line derived by Glass et al. (1995) . In the same figure, we plot the grid of models of Vassiliadis & Wood (1993) . They give luminosities and periods for a range of initial masses for solar and sub-solar abundances. The small number of objects more luminous than M bol = −5.5 indicates that the initial masses of stars in the sample are rarely higher than ∼3 M , but they have rather about 1 ∼ 2 M , on average. This is incompatible with some of the long periods observed, since it has been shown that the period of a mira increases with its mass (Feast 1963; Feast & Whitelock 1987; Jura & Kleinmann 1992) . Besides, that model is intended to reproduce solar to sub-solar metallicity populations, which might not be proper for the central-bulge population. Whitelock et al. (1991) obtain luminosities similar to ours for their sample of IRAS LPV's in the outer bulge.
The period-luminosity relationship
Note that the very small number of luminous stars in our sample is consistent with the very small number of stars with mass-loss higher than 10 −5 M /year, since there is a correlation between luminosity, initial mass and mass-loss rate (see e.g. Habing 1996 and references therein).
Comments on individual objects
Se179 = OH 0.333-00.181 = ISOGAL PJ 174707.0-284442 Se179 (OH 0.333-00.181), Sevenster et al. (1997) detected only one peak at the velocity of -327.2 km s −1 . However the detected peak is close to the edge of their velocity coverage, so that a second peak might exist at a more extreme velocity. Se179 is most likely coincident with Sj103 (OH 0.335-0.180) even though the two radio positions differ of ∼10 . As shown in Fig. 1 such a difference may well fall within the astrometric uncertainty. In fact, the red peak of Sj103 coincides in velocity with the single peak detected for Se179, while the blue peak is at a velocity of -356.5 km s −1 , which is out of the velocity range of the spectrum observed by Sevenster et al. (1997) . Only ISOGAL-PJ174707.0-284442 can be associated with the two radio positions: the distances from the ISOGAL source are 10.4 and 1.2 for Sj103 and Se179, respectively. The ISOGAL source is near the position derived with the ATCA, which is more accurate (Fig. 1) . Therefore we conclude that Sj103 and Se179 are the same maser source and that the position of Sj103 is off by 10 . This very high velocity OH/IR star (-342 km s −1 ) was first discovered in OH by Baud et al. (1981) . Fix and Mutel (1984) , observed the radio position with the 10 µm N -band, but did not detect the source and gave an upper limit of <0.6 Jy. BVLHS found two possible counterparts in the K band. ISOGAL-PJ174707.0-284442 is the first mid-infrared counterpart of this high velocity star.
Infrared bright objects
The following objects are found bright above the ISOGAL AGB branch and hereafter their classification as either foreground objects or as bulge member is discussed: (1993) and Jones et al. (1994) independently monitored this source and obtained the period of 758 and 715 days, respectively from radio and infrared observations. There has been some controversy in the literature about the bulge membership of this star. Radio observations show that the OH emission is affected by interstellar scattering that occurs near the Galactic Centre (van Langevelde & Diamond 1991) . On the other hand, assuming that this star is really in the bulge, its bolometric magnitude has been evaluated near the limit allowed for AGB stars: M bol = −7.20 (Jones et al. 1994) . We find M bol = −6.7, similarly to BVLHS, who finds M bol = −6.5, that makes the location of this star in the bulge plausible. This OH source has an IRAS counterpart (IRAS 17413-2903) et al. (1993) monitored it in OH radio frequencies and obtained the period of 1391 days. If the object is really in the bulge, it is one of the brightest: from WHMc and from BVLHS near-infrared data, in combination with ISOGAL data, we obtain the same result: M bol = −5.8. On the other hand from their near infrared data WHMc find it much fainter (M bol = −2.98), while BVLHS finds M bol = −6.0 using near-infrared data and N band photometry, which is consistent with our result. The high (K − L) o value suggests a high mass-loss rate and an optically thick envelope (no counterpart is reported by WHMc in J or H bands). We suggest that its location in the bulge might be compatible with its magnitude and luminosity. It is one of the strongest OH emitters, its OH spectrum looks like a well-defined double-peak. We obtain M bol = −3.0; Jones et al. (1994) evaluates M bol = −3.40, however they do not find a regular period from the L-band light curve. BVLHS found M bol = −2.9. Van Langevelde & Diamond (1991) and Frail et al. (1994) demonstrated that the OH source is located in the Galactic center region, behind the scattering screen. We conclude that this object is a non-variable/irregular OH/IR star, near the faint end of the AGB branch (see also discussion in BVLHS). diagram (Fig. 8) suggests that it has the lowest massloss rate among the stars measured in the near-infrared and by ISOGAL. According to Groenewegen's models the mass-loss rate does not exceed 1 × 10 −7 M /year. The extinction-corrected absolute magnitude is M K = −6.4, which is faint for an optically thin envelope AGB star. This suggests that WHMc overestimated the luminosity of this star: M bol = −4.62 (WHMc); M bol = −2.8 (this work; however the value of BC K = 3.65 that we derived is surprising). The period is also the shortest in the sample: 339 days, comparable to o Ceti. Other miras showing 1612 MHz OH emission have been previously reported in the literature: te Lintel Hekkert et al. (1989) list many miras as counterparts of OH sources in the solar neighbourhood, however the observed intensity of the OH emission in such a star at the distance of the bulge would be exceptional. This star has also an optically thick dust shell, considering its (K − L) o = 2.69 color index. Its M Ko = −2.92 and bolometric magnitude (M bol = −1.45, WHMc; M bol = −2.7, this work) are too faint and incompatible with its colour index. Infrared monitoring carried out by WHMc revealed no period, but it has shown small-amplitude variability. This fact, as well as its triple peaked OH spectrum suggest that it might be a young stellar object.
Very red ISOGAL objects: ([LW5]-[LW9]) >

Conclusions
The ISOGAL survey in the inner part of the bulge has found infrared counterparts of OH maser sources for almost 100% of the cases, amounting to 110 objects. The mass-loss rates calculated using the grid of models by M. Groenewegen for circumstellar envelopes are in the range 3 × 10 −7 up to a few times 10 −5 M /year. However the sources display a considerable spread in the (K−[LW9]) colour when compared with the predictions of the models, which is probably caused by variability.
OH/IR stars in the bulge show a wide distribution of luminosity, peaked at 8 × 10 3 L (M bol = −5.0), and with very few stars more luminous than 1.5 × 10 4 L (M bol < −5.6). Only a minor fraction of OH/IR stars have thus initial masses larger than ∼3 M .
The luminosities of OH/IR stars in this study lie practically all well below the PL relationship, as previously found by Wood et al. (1998) and BVLHS, and even further below than Wood et al.'s values.
We do not find clear evidence of two distinct populations of OH/IR stars in our sample, classified according to their expansion velocity of the envelope, as suggested by others (BVLHS, Sevenster et al. 1995) .
